An EtOH extract of fruits of Piper longum was found to exhibit a potent inhibitory effect against -melanocyte-stimulating hormone (-MSH)-induced melanin production in B16 mouse melanoma cells. Bioassaydirected fractionation led to the isolation of prenylated phenolic compounds bakuchiol, bavachin, and isobavachalcone. These compounds and the crude extract of the fruits of P. longum may have suppressive effects against pigmentation by melanin in the skin.
Melanin is the primary determinant of human skin color. It is a heterogeneous biopolymer that plays an important role in protecting human skin from harmful UV-radiation. 1) However, excessive melanin formation and accumulation of melanin in the skin causes hyperpigmentation skin disorders such as melasma, freckles, and geriatric pigment spots. 2, 3) In mammals, -melanocyte-stimulating hormone (-MSH) is required for the development of pigmentation. Notably, -MSH binds to its specific melanocortin-1 receptor (MC1R) and increases cyclic AMP (cAMP), which induces melanogenesis by strongly up-regulating the expression of melanogenic enzymes such as tyrosinase. [4] [5] [6] [7] Among the enzymes involved in melanogenesis, tyrosinase is the key enzyme that catalyzes the synthesis of melanin in melanocytes. Hence tyrosinase inhibitors such as arbutin 8) and kojic acid 9) are used as constituents of cosmetic products and depigmenting agents for the treatment of hyperpigmentation.
To obtain new whitening compounds, we focused on phenomena upstream of tyrosinase in melanogenesis. We used a bioassay system to measure the amount of melanin produced by B16 mouse melanoma cells upon stimulation with -MSH. We screened many different plant extracts, which can be added to cosmetics or foods, and searched for compounds that impair melanin biosynthesis. We found that an EtOH extract of the fruits of the Indian long pepper Piper longum had a potent inhibitory effect against -MSH-induced melanin production in B16 cells. We isolated the known prenylated phenolic compounds bakuchiol (1), bavachin (2) , and isobavachalcone (3) from the fruits of P. longum, and found that they inhibited melanin production in a dose-dependent manner without showing strong cytotoxicity (Fig. 1) . Here we describe the screening, isolation, and biological activities of these melaninbiosynthesis inhibitors from P. longum.
A sensitive in situ melanin assay using cultured mouse B16 melanoma cells was used for screening. B16 cells were grown in Dulbecco's modified minimum essential medium (DMEM; Sigma-Aldrich, St. Louis, MO) supplemented with 10% heat-inactivated fetal bovine serum (FBS; JRH Biosciences, Lenexa, KS), 2 mM L-glutamine, 100 unit/ml of penicillin, and 100 mg/ml of streptomycin at 37 C in a 5% CO 2 humidified atmosphere. The melanin content was measured by a method previously reported, 10) with a slight modification. B16 cells were seeded at a density of 8 Â 10 3 cells per well in 96-well plates, and then incubated with serial dilutions of screening samples in the presence and the absence of 100 nM -MSH (Sigma-Aldrich) for 4 d. The relative melanin concentration was measured at a wavelength of 405 nm using a microplate reader (SH-1000Lab, Corona Electric, Ibaraki, Japan). At the same time, MTT assay was used to determine relative cell numbers. The EC 50 values for the inhibitory effect against -MSH-induced melanin production and the IC 50 values from the MTT assay were calculated to identify active compounds.
In the course of screening for melanin-biosynthesis inhibitors, we found that the EtOH extract of the fruits of Indian long pepper P. longum showed marked inhibitory activity (EC 50 value, 74.6 mg/ml). The concentrated extract (1.71 g) was partitioned with ethyl acetate and water, and the ethyl acetate layer was then partitioned with hexane and 90% aqueous MeOH. Since the hexane layer (EC 50 value, 4.9 mg/ml) and the 90% aqueous MeOH layer (EC 50 value, 3.7 mg/ml) had inhibitory effects on melanin biosynthesis, they were further fractionated by chromatography, and each fraction was monitored for inhibition of melanin biosynthesis. The 
cm, CHCl 3 /MeOH). Next, the active fractions were purified by preparative thin layer chromatography (Silicagel 60F 254 0.5 mm, Merck, Darmstadt, Germany, EtOAc/hexane, toluene/acetone) twice. Final purification was achieved by HPLC (SunFireÔ Prep C 18 OBDÔ 10 mm, 19 Â 250 mm, Waters, Milford, MA, 85% aqueous MeOH) to give two active compounds as colorless and yellow amorphous powders respectively. Spectroscopic analyses revealed that the former was a prenylflavonoid, bavachin (2) (1.7 mg), and the latter a prenylated chalcone, isobavachalcone (3) (1.0 mg). The compounds were identified by comparison of their spectral data (UV, ½ D , MS, and NMR) with data previously reported. [11] [12] [13] [14] [15] [16] Next, compounds 1-3 were examined with regard to their ability to suppress melanin biosynthesis in B16 cells. The addition of the isolated compounds to the cells prior to stimulation with 100 nM -MSH markedly decreased the production of melanin, in a dose-dependent manner (Fig. 2) . Their EC 50 values were determined to be 1.8 mg/ml (7.0 mM), 1.8 mg/ml (5.4 mM), and 2.2 mg/ml (7.1 mM) respectively (Table 1) . Arbutin (Wako, Osaka, Japan) was used as a positive control, and 1-3 showed about 10-fold higher activity than arbutin (EC 50 value of arbutin, 24.0 mg/ml, or 88.8 mM). To exclude the possibility that the isolated compounds inhibited melanin production by exerting cytotoxic effects on B16 cells, we examined their cytotoxicity by trypan blue dye exclusion assay. Although they showed cytotoxicity at high concentrations, 1, 2, and 3 did not show any cytotoxicity toward B16 cells at up to 3-10 mg/ml after 4 d (IC 50 values: 1, 5.9 mg/ml, or 23.0 mM; 2, 17.5 mg/ml, or 54.0 mM; 3, 17.5 mg/ml, or 54.0 mM) (Fig. 2, Table 1 ). Hence the inhibitory effects against melanin biosynthesis of compounds 1-3 were not related to cytotoxicity.
1 has been reported to show antioxidative, antimicrobial, and antiinflammatory activities. [17] [18] [19] 2 has been reported to show an antiallergic effect, 20) and 3 has been reported to show antioxidative and antiplatelet activities. 17, 21) Recently, 2 and 3 were found to inhibit the activity of acyl-CoA: cholesterol acyltransferase (ACAT), 22) but, their inhibitory activities against melanin biosynthesis have not been reported before. In recent reports, several prenylated flavonoids isolated from Artocapus heterophyllus were found to suppress melanin biosynthesis without inhibiting tyrosinase activity. 23) In addition, xanthohumol, a principal prenylflavonoid, has been reported to have antimelanogenesis effects by acting on cAMP-dependent signal transduction in melanocytes. 24) Since 1-3 have structures that are similar to these compounds, it is possible that their mechanisms of action against melanin biosynthesis are the same. Further biological activities of 1-3 are now being investigated.
In conclusion, we searched to identify new plant components that inhibit melanin production in -MSHinduced B16 mouse melanoma cells, and isolated prenylated phenolic compounds bakuchiol (1), bavachin (2) , and isobavachalcone (3) from fruits of the Indian long pepper P. longum. These compounds were to inhibit melanin biosynthesis in a dose-dependent manner without showing strong cytotoxicity. These results suggest that compounds 1-3 and the crude extract of the fruits of P. longum may be useful agents for skin whitening. Further studies of the mechanisms of action of 1, 2, and 3 are in progress. Bakuchiol (1) Bavachin (2) Isobavachalcone (3) Fig. 1 . Structures of Bakuchiol (1), Bavachin (2), and Isobavachalcone (3).
